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Abstract of JP2005005713 

PROBLEM TO BE SOLVED: To enhance 
imaging performance of an apparatus which has 
a liquid filling a space between the final element 
of a projection system and a substrate. 
SOLUTION: A lithography apparatus and a 
method of manufacturing device use a liquid of a 
large index of refraction which fills at least a part 
of a imaging region between the final element of 
a projection lens and the substrate and is trapped 
in a liquid trap 13. Bubbles produced in the liquid, 
which is resulted from a dissolved atmosphere 
gas or is resulted from a gas discharged from the 
apparatus element exposed to the liquid, are 
detected and removed so as to prevent the 
bubbles from interfering with the exposure and 
from causing a baking defect. The detection can 
be carried out by measuring the frequency 
dependence of damping of the ultrasonic wave. 
The bubbles can be removed through a process 
that the liquid is degased and pressurized, the 
liquid is isolated from the atmosphere, a liquid of 
low surface tension is used, a continuous liquid 
flow passing the imaging region, and a node of 
an ultrasonic stationary wave is shifted. 
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, SfetfldEtklSESH:, StrB*S*0-SBSriiiSLTei8Lfc^lw, fillE&m^tciiJitirs 

$ ti 5 o 10 
[ 0 0 3 1 ] 

IS g *J f£ T* 5 0 B*©#5***tt*:l6!BL, fl»oyy^7:7-rBB©tt:B*lRl±S-a:5fc 

ft , 8t*«:BBfc»A-r5wi#-C#S. r. ft fit » M x , **©*/h'5ctt : f-*IS»* 

* ZXttmiZ L < ft^mi- Oi&ffl) (D &m&m\z £ o X , JtjE&BSrffliltciSririS'sj 20 
[ 0 0 3 2 ] 

* is w © fi © - b as k <t tt tf » 

'> * < t fc±oTtt«£;h.T^5SB&it#i-siBfc. 

5C***nTV^5*#ft»f ^fASrlfttSISt, 30 
BB*fc#B2'*xA*©B.B£BtiiLa»oBB-i-3iei, Sr-^trx^l'^Bit*- 

s # a * * *i -s o 

[ 0 0 3 3 ] 

# H ^ © £ £> t;: © - B til i- <fc ft > 

'<*->-BBLfcftB*-AfcB«©*tt»#±lcftB*-5.fcM::EB£ftT^S« 

40 

ME!S:BS'*xA©ftJ&BBiBE*;E©W©£ra©iJ>&< t t-Si5(cffi#:^?E*-r 

S»8loifli*ltiS»«ii , fil)tloillTia5illilt*5*I f e=?i, & B 
;t , ft R # 3f 5£ © L^V^ffi^iEoT^S i SI 3£ £ ft 5 £ tt-fffifEfSISttBSriitiR U > 
BSi s @fS©Ltv>titBS:TIeloTVStB^^n5i:#^*tlE t f J B^B*®tRi-5, V 

[ 0 0 3 4 ] 

r©J:3*B«H:J:o-C, ^B©*BBa*^BK/j:9, ft BftfcJ:5B 
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[ 0 0 3 5 ] 

EnaiifflwRaiavttia^^-v^ ^far^^w (lcd) , mii«^y k«* 

OJ:5 4*OiS:ffl«t>*>0*«ri:traW*ftfcv^. - © i 5 * M & K <£ 5 £ JB #J © X Jff 

rg«j X (4 r aiift & # j fcv%$B*i:*ft*ftm«"eit>*i:JL*L#*£ittl!l*#te 
14 S ft? £ ft <fc 5 ,, *0JfflST-sS.-1-?)StRI4. if 3t © tut:: X 14 & T* , tfl * Hf , ( 10 

^SWtcw^^ h©lfc**R:»*U*»o»*aF*oi'^^ h^m^-f^^ia:) X (4 f+ «>J 

% l < \*$%.^m\z}d^x & mfimx* h z , fcm*imx hnif , #3gBj©Bs^&r©4.:> 

[ 0 0 3 6 ] 

r # « j x fi rif tti 1 & » tt > 9J S © S X ** * v% is 3 . ;ti 14 , t b o « 
*©±R.fc«>fc*#ft£*©«SE»fcfc3 ( i" ft t> h , 20kHz^l^5) f $l;it 

[ 0 0 3 7 ] 20 

rgcMj sir rt'-Aj tv^ 5JB»tt» (uv) (fflx 

(4 , 3 6 5, 248; 193, 1 5 7 , Xttl 2 6 n m©Sf 4>f t5) "g" # T m 8£ # 
[ 0 0 3 8 ] 

SB ?> "I 3 © H £ L v w-s ;? — >- {c $g j& L ft ^§-d i(c@S£*tfcv^o - « fc: f± 

, 8llf-i|:#4i*it^^ftt, *«lH]SS©4.3ft. *tttt#*fcflJ**;h.-0*$ 
x/<^**©#£©«fgJItc*fj&-r3ritcft;5o 30 
[ 0 0 3 9 ] 

t ^ ^ , ■? u >f =7 -f A, • 5 7 — • T , S0/o^7V^^LCD/^wV*^Sfl5 
. v^^ttyy^77^liJ:<ft6iitt55 > /WtyS, & # » ffi £ . S « S # *B 
§S ft t* © ^ * * © « 21 (4 a> 9 T* ft < , «^ft«-g-S-7^^W«^t^S^5„ 7 u ? y 
• S 7 - • 7 i/-f ©-Hl^Jfli, /M? 5-©-? b !) y^^ffiBlrtffl L, *©7 

14 ^ T- $> 9 , r © 4 ? ft 2f 5£ T* , S»^t:t-A^^-ViSt5. /< * - > A 
# © © ft ft © H JS fll T* 14 , £ ^ #1 it ^ ^ £ X (4 x - ^ A- T- fc M# 5 ri s > fisj x. (4 » -t ft 
ttiftg»CJS£T@£^XI4i*ft5£#^1!lTifc!K * - v 7g fi£ # ® Sr . #J * 14 , 8 & -> * 40 
7A|:MLtiS Lv^ili:Sftt5r tiit-f 5. * iiffl * © fuf X 14 r * 

*J £^5fll»©ttJflli^-f;ftfc, 4 9 -|& ft ft ->J»tiL¥Bci iif^IBfcHl 

[ 0 0 4 0 ] 

*BJ*BST*^ffl-T?) fft«V^7Aj i ^ 5 ffl IS 14 , B^TTt^^. R It ft ^ & , S U 5 R 
»JB#Tftf:^&^«>, ttJBS*i-C^5«jt*l*fc, XI4M©&^;gL<f4Jt£ 

©ffifflft^:*, ffiOHIil^O^i* '<clS©Sf ->^fA^att5 t©i£li:IS^J 
jifcl\ #93iSffl§© fv>Xj iv>5fflf&©tefl3f4v-fftfc, 4 >9 - US: ft ft r & |£-> ;* 7- 

[ 0 0 4 1 ] 50 
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m it -> * t a t> . mmit^&m. Rtoit^&m. rvrk m$rmm z $ #>x , ft it © & 

fcflPftSftS^T-fctK r©±pft##g3lf£jaT^f4*£Wfc:Xtt¥3ifc r u v X j 
[ 0 0 4 2 ] 

1)^^7 7^8111, 2 o (2i|77-'7) W±©S«x-y/v (Sy/Xli 2 o«± 

[ 0 0 4 3 ] 
I * tt 1 

[ 0 0 4 4 ] 
[ 0 0 4 5 ] 

r % m m i j 
g II , 

ft It («*.«, &^i«!ftMXf4il&^iilfttt) o«»ir-APB«rtt »-t 5 fc * o HR 

It v- * x A ( J® ft & ) I L , 

'<*-v»fifc#« ( « *. If » M A 5rSS L v ii>oSiPLI:jtU^^-y 

i^^f aSrEil:ttfft*t5fcfe©»lfiIft*¥SPMi;aMJjit^5Sl^^i 

it ( #l If , * * • x - •? ) M T , 

mm ( 0J X. ti , l/v?^ l-it?i-A) W £ & & L , *oi|P LC«LTS«?:I 

*^(tiift»i-5fc»©siS2te«ft»#apwfcaiissix-cv>5»«7 i -7 r ^ 
t£, m m s # w- v x ) p L?rtt5„ 

[ 0 0 4 6 ] 

□ SISt Lt, roSliiRWSTioTti^ (0»;ttf, Iff SUfclSo^D^? 
y * • ; 7 -'TM?:«lt5. ) . 
[ 0 0 4 7 ] 

Rg It J» I Ltt»»aiSO*»e>tt*t©K'-A*:«»tBl5. ft It W £ y V^77^g«li, 

5 4 # f* . tti+i^iyy^77-r3i«©-tt*«jsi-5t>©fcttjLfc*;fc-f. ft it f 

BDOi|lll:J:oT»«lSOi}>6i»»I LKSbJlJ. © » ^ tt » « *. tf , ft It 

It « I L , f-AlUiv/^TAB D ( & m ft ti ) k * fc , »M->^7A^^;iis 
r- # s . 

[ 0 0 4 8 ] 

H It * I L tt , »T-*©ai*«£*fcllSr*fca©P»#»AMfc«IjtSrJ:i6S-C* 
5 . - ft fc , ISIt»©0'£*¥Ertfc#tt3!Sft#*©^4<£t>*¥S.fttf/Xttrt^ 

. j» it « i l h: , i krvmki&c o* t-<om* %m<omf8.mmt:ffiz.z. m it * 

(4, SISlJ-APBiPftfh, *©»ffifca*LVM*-tti:»*^#**1-5ttl*©*fl: 
[ 0 0 4 9 ] 
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SRlf-APBtt, -r * * • f - ^^MTOil:fii«fS}lTV^-7^^MA±l:AWt 
,5, S^t'-APBli, -7*;?MAi:£^Lfc&, ;of-A^S £.w ©jfi!i<jgis#c©± 
(c-g-t,1"5i/>XPLSriiii-r^ 0 |2fiifti!)fgpWi:fiHrytlF T 

r s fc * t * iSf-^^wTSriEiiK^itsittf-ets. n « . iifii*»f 

aPM&U t »J©f£g-fei'-!J- ( w ft fi HI 1 t MS S tit v^4vO ^ftfflLT, fi»J ;t tf , -v* 

* • ^-f^^yi^iafttsoiiiLfcttxitjis^i;, •v^^MASrt* — p b ©s 

» li , Mft*#SPM&tfPW©-tt*«ifc1-5**Ta*$? a -A< 4fc « ft «> 

, ^ry'^l^li ( * * ^ i tt S ft 9 ) , • 7-y/WMT5:IffiT?f 

■T «l T* fo 5 . 
[ 0 0 5 0 1 

H^©l£g£&©#:£ LV^ST'«fflt5;i#ft5, 

coits^tsii, * ? •f-^^MTii«7 i -^^wn*jtfiaKin*itft 

its ( 1- * t> *> , m - H ft IS ft ) . ftv^T-, *45i6!i»^Cl:|*ti5i5l:, * 
Sf-^/i'WTlrX^filSy/XttY^lSlC^iltS. * x y ^ * SC 1? tt , S ft ffi « © ft 20 

2. . jfe 3SE * St -e H: . a^t'-A(c#-^$^fc^*;?-V%«WSB^C±^a^1-.5W, 

^ •T-^*MTi:lfiT-^^WT«lLtiSt5 ( i" ft t> , 

, ^ • f -//i-MT l:»t5HSf-/;i'WT©ig t ^iSili, S^->^fA P L© 

( « /h / ) m±m t m&sLm&miz t r % . £ s * st -c ti , &fti5B*£©ft*©:*:# 

£ # % fc*5tt5««jffl#©« (^*3£*|Bjfc*5(tS) SrlSJ&i-5©K:»UT 

, as*ttas3-©«£ ( * 3c # *s ft 5 ) £ ft * +■ 5 . 

3 . su © * sc -e 14 , a«tr-At##**ifc^^-^*r*tt»»C±fca«1-SIH, -7 

j«U i>olSf-/;i-WT^»IIXIi^St5. r © # SC T tt , -ttfc^^^JS»»Sr 30 
i£ ffl L , ^o^n^y APJi/i^?-yi^f SS r - W T © t tt fix ©il 

«fcXttife**©jtttttfci*»'</i'*©£l«Ifc» £^t)£i:tllrt5, r © J; 5 ft id # 

# SC tt , iffSLfelSC^D^^y;!" 57--TU^ftt*©, yn^^^^Tltgft 

[ 0 0 5 1 ] 

Elll:ttSLfciffl*SI:itsa^tS(;/iL< fi £ S! , Xtt£<Hft5G[ffl#5i; 
[ 0 0 5 2 J 

± T* St 0j§ L fc „ IB3£-eH:4<±TKWUfc««atr#Jhastt'«r*»T, tt©»#ffl6->^ 40 
[ 0 0 5 3 ] 

04 14, *»WO-SltfllU5*#ft»^^f Al ift«H6i**«3 a/3 b £ S -f 
H "C $> 5 „ rcSSfilfgSa/SbU, SU^VXroitTfc (3a) XttffiHtt©^ 

fflOl- (3 b) <fc«l-5ri $ft«fe 4 ->^f Aitt, Sii/yXPL^i-^ 

WC«C«I*1 3KH|Et*ftt5. r©&#(i,#£L<tt, 1 iHIIWl^l 
*JH*f*Sr*+5J:5ta«*n5!4^ ^ © S * tt , Si^-iOSItt$lXtt»S© 

15. g^v'^f A©«|«iSii, t Obit, t'-A©i*J:'>xfAoSpSi;±o 
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[ 0 0 5 4 ] 

■ J>©SHt) aSn*fcftJSo***3l#firi-»ii#*)9, * ft © & (4 , H 1" 5 * 
* , 5a ft , \Z C T # % {CUB K Wi & h Z , » ft ft ft tt , tl«10nm 

< „ ft & 14 £ fc , S«w±©ig3tttJi #B *JJv5if , :oJ; ? 4P ^77^lrt 
*HS©g* fc.fcoT««* 1 3 fciiA-j-5»n«sas>S. 

[ 0 0 5 5 ] 10 

zommvxD '> ft < t t> - as . sli'yxpLolKiioTiCttlftftJhii'o 

zti*M'omtt%ikmtti7kmRzm-t : bo r©#titgi$#i7i4, wt & u y x p l <om 

mmm t !> tbfi>i:l*iTlL, g*o*?ttfif wvxp L©f JI^I©Tffi± 9 

» t * o » matt. n»t?*>o»srt*nia»«r* + s. * © j£.tt -e 14 , * as a m as # » 

[ 0 0 5 6 ] 

EATtltJtfrit 1 7 tSIRWKmroroHMziftfi-feft, # * . m 7t f* > ft ft , 7 /w 

V, - y^A x XI4^f^^St-^< 1 i?L/fV^«©^^^J;oT^^^tLfc^^-v'-^ 
ilfiDSISitJtftieCicT, ititas*tl 7 i£^-^W©igT- & KMC 20 

jj*5:tiiff 5. tt * ft ft K: f± , «fls«rJ0ffittttfc*t»i-5fc»fc, # Jh » *t 1 4 
l^ioTfS^SritJtasWl 7ifi| u y XPLWMfcPHCi&i&S,, SiJ&iLT, » It 95 *t 
1 4Sr«fti-5r.i:*Rr«-efe9. »'#SrIA K J: o TEB Cii* 5 . 
[ 0 0 5 7 ] 

&*1-|2-CfeS#, ffi#l:IiWl:«LtSIl/yXP L tIffiWS:Ii$t5„ r © 4 
? ft » f£ «4 , ?Sffl*13rtSi5T-*i:5^^, m 7L tf , «*W*»e>©^f^»ateJ:oT«fe 
a>fcfti&*»tf*5fcl4»fc»*ft-C*>S. ft # tt , ft it tt # 1 7 © <p K 'J? 4 < 
t i - & tlX ^ Zffi,® 2 3 & LX WU8 #> 1 3 (;|A*tl5, :HbOi82 3 

14. # ft ft ft Jt ft: 1 6K*«t5tft<», #*&tf/Xf±**ft©aAnfttf»::#ltiP*» 30 

e>#*^rfiB4«EKttt»prfB-efc5. ft *. « , m#i*. # ft ft ft it # 1 6©a:fi©ftffli6 

[ 0 0 5 8 ] 

&m&m^m 3 & %m$itii^ & 4 zrn *- z> ^ t a-x z z „ m 5 « , ^fa^m#^4©^ 

©ft*ft£ftS5 a/5 b©2ii9©iBgSr^i-HT-fc5„ *W*BST-ffl^5^ffl®SJ4 

. «ft«0>s«iis*i'©ftfca»e>©i"r D-saofcfccis^nsti^ t> © r- $> 5 „ 

C©^^StSg(4, ft&©*# £©#*£&©«* ( -t ft *> *> , *ffi#«Sfc90«) © 
MST-fcS, SBUli, IfS^HSJi^/^ei, *©/</w*;SS£ft£iIi§L/!»oft 

( ft ft «> 1 3X14, ft x. f£ , iItl©^iO<iI^^«I©f Igft) ftUvmftfrbg. 40 
ft 3 *l fc ft T , Pli:tjl«5 a CicTSltHbllTV^. 5 ^if «Sf 5 a ©Ef 

(4 , r /< ;\> * - * n - j Eli Ltfebiitv^. r. © «t 5 ft ^ A- * • =» - & ft f4 , * 
- © 'X & 21 5 iO*fc£Stt5j£tfT?i<, £ * ft t tk tb © IB K * f ft £ iS S 6& Sr 
tt5: i: tj* g B T* fc 9 , «fcoTfttefcft1-£$ft©ft*<fcS:3&tt5©T-8)ftttT-&5. 

l^u x iij w ft r ft a* * ^ t x m % © a * £ 3i # is w -r a n a* *> s . »o/^»ttt* 

+ 5 ft fc , /^^©lO&SortiS^g/ifc*!:, ■fri'^!J>'* r ft*fclRft3Jt»5. 
ScltiSlf9&*^Lr^x.5J:5il-^«IS5 a & IS g -T 5 i , rolBH*<IHHi-4ii: 
^ T* # 3 „ **l€ftaSftftft©;i&ft;S.I4gft9ftft-Cfc5 2 o © ^ & i§ 5 b £ <£ ffl 1" 5 , 
fflftCU 1 o © IE ft £ 13 5 ©*ii:*t. r © IS ft T- f4 - ft © * £ 3fl it id £fc It f 5 
£fc#*Tft-C*>»K SbKtR^^^^SHSSblHltiaS^ltSOT?, C © IE g 14 £ 50 
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III tt * K It »•* * « S r * tt 4 V> . 
[ 0 0 5 9 ] 

" L T 81 £ £ ft 5 „ r ft f± , JK^^^m^R^a^^^fflLT^tT^JBgT-foS,, * - © ji & 
[ 0 0 6 0 ] 

13 6 14 , *^B^O-3IM^J(-<t€.^?SI^*#©cDSiJ(Z)-ffi1ll^^i-|l!T*feSA5 x ft ^ % 
£ 41 9 t , ffi M ft ^ It 8 KiotfiStitUfntfilSitioTUffti 2 o W g 
*JSt**»5c#, c©*II«o«#1'i:t»«!»6Sr*4t5J: 5l:El*ii 10 

TV 5. B6IJ, ^^-J-ijESSE^bW^Sttfc^^iftSr^i-^, r©;iE&igU4i£E©Ji 
89 » US ( £ tf , * WL X f4 m SE ) X fc <0 n 5 . ± H tt , £l©SIW»::*3tt5R«£«L 
. TBIi, *©«©»« is ttSHtE***-*-. $#ft-ff£1-5^?& 2) 
14 , «t^6©Sliffl«7fi<(C^ftit:$ix5ffi(Bltcfe?,o ii tl IS S # J£ 8 (4 , ^ 2 5 
±ot*tJ:5t> ®l©i£S£2o©jg : g 1 ig&&Sg5 cn-jiXtet&ljfcfafrvX&W}-? 
5i HDi&*bftfc«i&2l4, S«|jlS5 cKfRjj6»p*<o»»t-»K 

L> Lfc#oT«»«>©*»»;:*2SSft5. Hettt, r©£ 5 £ PP 2 6 

± o T 3* f «t 5 £ iM K r&J *» v> , StKCiift?>Hfcti'y/vgi&2rofttiS l 2 o © 

a^w^^^{-*5»t5Kc^»^nfc^^2©i'^%5:ii-f-5^ffiL*:Sii:fiSii^<tc.T 

[ 0 0 6 1 ] 

^fai^*^®{4. C i T* # f£ i LT^©±ft£ffl^iAiP&ttl#f ! rfctlI§i3l0 3 2 5 3 6 9 

4. 8 %-mm*K$iw z frx\,^ zm^WLZtiim-r zfr^ xnmm^w.m^^^^x &*© 

«**©»o*»© * £ (£ffla*Xtf*fc©ftfc«fcfc«*'h£v*te^#*a»bftttSS*> 
TSft4i5lt58}i#l)5) *|5|»i-5^^y = s'^jft ( ft 1 M H z ) i L T ft ^ ft fc 
. ±9*^fl»**ri!fc8LTttf£»ril&-C*>5. S'J ffi t IT, ±5i^ ««»©«*«*«[ 

©SfifiifSt^IitfeO, ± i£ © gfc ttl Wfrtti«lBtt»teKlJ§*ftTV*5 <b © 

If •) T ft < , S^<l4X£tffi^^ft*fc»ffil£i£ffl1-5;^;5U4^!J HiOjijilS 
«?S^^iaot«E**»4t5r t i:iott«rSg7?fc?>„ 5* BU4 , ffl * a m * a flf , 
Ms at;«*J6ffi«*^©»»^«#*«**»b^^*l»*i-5fc«)fcHfci!6ffl*tt-C 
V*. ttfctt* **7Ltt©*il*©**raUTa*±»f?>*t5. i»l»©?Lf4, ffi # 14 ^ ft 

*n-ci4v^, ii**i-^#**f4»»^ii&fcj:$fc*^x*»sft, a> o # n & m & 

ZtiX^Z. LfciSotSfl:#)KSJ jxi. w © il S 14 , © ^ iffl tz ig V> B ft £ W 1B 1" 5 
rilUoTirai^Jtlf fl/-x*B7'ftiH->t-n y UtiCCe l ga r d 

I nc. tt© 1 *iaST'fc 5M e m b r a na-Ch a r 1 o t t eth/^tjA^^fEft 
Liqui-Cel (^S) Membrane Contractors**, r <D J; 9 ft 40 
m & IE m §1 t? fe 5 . 
[ 0 0 6 2 ] 

[ 0 0 6 3 ] 

07 (4, *««©-£*« teLfcas5«i&B*#a©ift*§£«i o Sr * *■ . r © m =g 
fi i 0(4, K^i-^tjg^^UxSi-SfiSSimi 1 * * *. 5 . ffii «, IS B 1 on, PBBf^i 1 
A^^^^Stffl L, *«r«j^rt»U:fiffi«tt*SI5l1-*J:5H:Elt*ixfc#>'5'i 2 £ 
S fe ill *. S . *lSS:KJh1-5fc«)(c, ttffl£ftTV5*{*:©ffi*niK*EE.J:0 50 
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s i o i- * w> s. t> z m & -r 5 - t # # * l i> ( #j if > * t* (i m m. x* ^2 3 $ y - ^ ) 
.0 - j. e e # « k ft 5 t . *(*i'fc*»siifc^^****»e»«jau. # > 7 1 2iac 

K45. JKftiia*3lETl-4i:x 1" ft , **x«Jb*tfl,fc;tf*«r*(M»e>a*lti1- 
;fc*Tt4<45i. **0>±#U:{fc«-*-5lll 5£S/!C5;:itci.oTISgtgl l * 
iit5:t^f f 5. ft 14 , ftlt5fcftK)Sli!) 1 3<DlM^£ii-3£T*, * fi ri» 

[ 0 0 6 4 ] 10 

ffctffi#HlESl2 2?ritlffc5. ilv^E* li> ft i& © * # S * * /Ml: L , ri> o ft 

Jt21i>b45. tf*hv*rt:*© + fc:ttLi£trfc«*i4*;!l0ffi*Jx6. r©=gg©T4£K 
14, «*.!*, tt##*S/*^Al©«t»fc«*«r»a&-C#5J:5U:#l 8i!gltTJ)5. £ 
& @ ft © £> tc , $i«*:ajL#^Ii5E*lt2 OiSRItbiiTl^. 
[ 0 0 6 5 ] 

H4l:SLfcJ:5K, ftfe<6i)S#IS!3[4, «ffl*l3©rt»i:«»«>l3©*«©K» 
Srffix5rt;is-e#5 (0 4® 3 a b Sr ^ ^ tifcv\ ) . IjtSIBl 1 3 

T-*-5tfa»9-c*<. **»a©^TlStt*BHts. :©± j'^iffllCioT, * - © 

^T-Va Vii, » o © !> y^77-r§S«Tttffli-5fc©©**«:JIK-rs;iiia*'BrtB 
* 5 t , XJ4«i^ttft&#&g*;6S#£1-3^*^A:gL< fcXifcSti,* 

[ 0 0 6 6 ] 
[ 0 0 6 7 ] 

?$ ft © » 14 , *J: *) fc/h^ ^*BS**f t5 ± 9lcSR»fiffc5„ UlUoT 30 

ftft?Sl4#fc®«SrS«1-5®ft#&9, Sfc&^&fifcfc&^L/^iaft^,, rti(4, J: 9 
/h*v^«Il**#t5*»'!t«#tl«t5:i t iot, XI4#5ffitt^J<04 p ft , 

[ 0 0 6 8 ] 

S«W©8cB(;:ttiiLf::ft?St4, ttif,i!SIII©i,SiS< tc £> 5 © "C d ^ * T* fc 
5, L fc ii o t , ®®t4E#TK££m*ft£^£gt-t^-fV^ ft H ^ © - H #J 14 , w© 

mzmm-f 5. :oi 5i**fl!l*H9i:«*t5*, ro»*tt*«w*»p)ft?aSrl»* 

i l:St5 t©t-fc5„ i © H ft T* 14 , 2 2 7 a Slf 2 7 b #S ^.-> 40 

TAPLOtHIiiSKwwricgSrttSlJ Ix, ^ ft ix ^ ffi 2£ 2 8©S^-(-S^ 
Jlit^i. »im t it , R#©««©-«i*«tt4:L-cfilJB-*-5;Li't>*rtB-c*>a. flJ 
3. »4\ S « w Mt , 2 7 «oi5ftl2tiiBALr icotit»*t5:ii5tl5 
. ? 4SIH, il m £ ft 5 £ , Slgwyxp LctiCMLtHf ftl;¥ff-e, M tfy 

£#Hfcfi&1-S&ft^$fcffiU t 5*&-ft«#£3B£-t-5,, ft & 14 , jlH$:ft©K1i;^i: 
(4Sft5fim^5r*t, ^©fc*Kft&©JIiai!l#K:fcl4 5m#©fa#©l§lS:M*3. ft 
?S S ^ ( w ) fti'©«#Blcgfi1-5i:f, *iS#A*att*J:5fc:*ff©ifO*©i** 
ffiftSritfpTtt-cfc!?, r©i.?ft®#©(*)#©i&i4, £tt*B*>t>lt*i*J:5t;:fi* 
£ ft , ^SS;3E«^t*»Wi:$IiJ'?))!llSLTi$fl:**l:iAJf 5: iiifl 5, 
H 9 © ft "C (4 , ® # © ft # £ (4 , «?S©±*fcfl[«i-5*#:K:J:oTft?&KJ0i35BE* 50 
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, 4 L - H 16 « T- tt , SS2 7 a t 2 7 b^^lfii^l 0 oaifftSEETfcSo L L 

, s » « m * , xr***mflE«kiiat«ffi«©iii***«tffl^r*"T?fc5. ft * w 4 '< 9 * 

tt, #*-»4»V*4 5ElPl©tffta*6!)-C*>!)#5. **W©«iB* 
9 * tt T* fc 9 , *»o«S*r*»b, tttKi^bdltS w fct^S^tfti + A'*- 

iftiftiot, tO*B*:1**JK*at■5i^■#fcf4■< > *V^^^:*^Jt!*i-5 ll 
[ 0 0 6 9 ] 

*o^©Rtt±oHni**r#jti"5^Ma s *>5 0 m # <o & itfcMt mm £ ti Z> % 10 

T* fc 5 , #J X. f*\ & i ^ 0 . 8 ^ b 1 8 . 2MOhm*cmOtifi$^tt5*^fflt 
* fc , Ii2 7 aSt/2 7 bli, M% ft & & Tf Z <0 & <D ® K <D £ tit & &5 

jh 1" 5 fc » fc , il#2 9tiord*^b«iShrv^:i#ffiLv^, m S o >H m 
^Xtf/xttRW^Sftte* S * it ^ T n < 4 *t tt fi * ft ^ a r^fci^ioo^m 
tt , rtllfcaifrW^ortasom&fclg^ * tt fc 

[ 0 0 7 0 ] 

iS^^oT^S, JKtOftjatt, ^-tibtf>Jt®±fc, m^3E®£^*#*^*T*^£fi?B£ 20 
(ionic concentration) t <D ffl (0 ft ft ^ £ fc b ~t 

J^SKimft (t4bt, ^ft5o r ft f;M> £ fc t> |£ 1" 5 0 

[ 0 0 7 1 ] 

«fc±*ttf, isxiiiEisv ( 1- ft *> * m^r> m be , m # x m 

ffi*©*£**L<tt«l&*) tr*«Lt*«ill©ioXtt«©*#i:tttt9Jlt 
5:t*^#5. J% * ^ & g T* fe ft li , «*(0^i«ILt^>i^!:» 

*ioBl:lffiiS:«4St5AS, ^ m ft ^ I* , to^^filltf:^ t>I 

£iftte*Efc<0B(|omffig£|^i:ffii*T-fc5i^? t^tfc^o ft # £ ft <£> P*l fc 31 * 
# £ C T* fc ft , «tt*ttraC«ttfc*i-5'<# ,, C*>5. r <£ ? fc L T , ft j£ £ ft L 
T 5 * (tl) l:iRi35>oTXtttti^?)(lh6± 5l:«Sl:»Lt*S:«4t5: t 30 

[ 0 0 7 2 ] 

BlOttt, 8o^©»45»##, *ftbfcWto$ftfc«tfc3U*«ffi**f1-3 0 - ^ 
St It W fi * r <£ 5 4 l oo«»0^iaoTXIlft*©ftS^S^ii:iaotHH, 

£ fc n ^ fc , «*shr^ttv^4fc*fc#i-5*©*#t>ra«fcXf4*Jtt 

fc 5 o 
[ 0 0 7 3 ] 

M * ft * -C tt , tnttl 9 3 nm^eit'-ASStgft^ LTftfflt^fcJ!)Ottt 
M ft ft W T* fc S tf* , ^ -f * n^ - 5 0 m V X* fc 5 n fc # £ o 

t^5, Sfa<D*#£fc<fcoTgft«9, tf:Sl^lliaottS/^ 0 40 

L rt> L , *BKitRBt5t>©i:WCIIIItt, te<&a«fcft*&<&*#Sfc#LTte/Bpr 
HI T* fc 9 , *»«H:**tbfc*±fcJS«Rr«-Cfc5. fcJD*.T«(t<Da*S: 

ft ft T* fc 5 o 
[ 0 0 7 4 ] 

Biotli, 6o©*ft5«**«*Sii'C*JD, ^ftbfcSftXte«JE;Ktemffi£EP 
at5:t#t?§5. :ixbOft*ttft*l:8*liLt^5r ttfff il^, L L ft # b 

. mm#)\c a* o & m it o :tiboft*<oio^sfiw-efc!), r?>gffiwfcf*ftj , & 

^BO®ft^|l]C®tt^m{4^^m$ttTV^5rt^»SLV> 0 r tf> J: ? fc L T , ft ?S f2 

, t*ifc»LTStEw^e,ie»5i#«ir*^»^o, &fg£ftfcH{£fc*ti-5ft?&tf>jgw so 
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«l:8Slt5«l*50 (*«) ffit^*«"e±v\ **Lfi**"CfcJ:l*L, X 

b Hca*tr-APB*««5 o © * -ft a ii i" £ <fc 5 fc 9t #t t 4> <t v> 0 

[ 0 0 7 5 ] 

giJiSfet It, W«i-^#XttB^**b*:«E*:#1-^**#*r»Jt»tt , l 7 <& * Bo tt 
it5:H^itfc5o Bio-ctt, ^tv^^%)^5:#t±lFP»i70rt^®ic^#i-5 

K|!Uno*l«0R:§|*f+H'5r4:*-e#5. SISHT, «»«BO«tto*tttrill*5 
Stt*lt5tttl:»t*jit^5 loXfi*S©»#t, 7 (ftStgftl 

[ 0 0 7 6 ] 

o T tf> o ft 5 8£riIoTtfEtl5i, SSCf 1 S ti^o»[S] t 5 / ^ - h 6 2 , 6 4 ifi 20 
«fii:»ltAtt*t5*. r^^fi, ftK#$IH3 6Al:fcS2:i, ffi IB 3 6 © ± * 
^(c«#*3i*U^v>r^?S^S^W^b§ltgti-m^J: 5 fc , * fe fc » < S £ S « 
fc 51 # mi-® fe £ o SSS^SIS^fit^li, 1-ftfo*>, 1S6 4#fio 

[ 0 0 7 7 ] 

fc: * < + * ^ # "<? tt ft ^ # * *8S*»*fttfc5±5i:«!ai:»UiS:lI)t5 0l: + 

# ft S « K < 1" 5 # ~C fe 5 o £fc**»feft5«*-Cttt, ***fll:lfc*otfc((:fc 30 
HlJra*tl5AaWft«ffiMttx 5mV^b5VC*)0, » t. U < tt 1 0 m V rt> b 5 0 0m 
Vtifei, It fit PP JD fcl «fc 5 5mV/mmrt>k 5 0 O m V / m m t If S H 5 . 

[ 0 0 7 8 ] 

Hi l tt , S^(cM1~£iiiS©Jl£lP£#:biM;:;MI^S& b ft ^ l& ^ ^ ^ f # 

btb5ftja**^«©--jiit«fc»i-H-e*>5. Mt * * <z> ft ± » . inmLxmwi* <v%m 

# * ft^a*lc(l^^Lftv^^fcM*«it■5^^^^s^kt^ag3ooffiffl^cJ:oT, s « 

aSt/bli, ft**:S + «*ttfttt*B"?*>**^ :©Ii©lftott*trfl*t6. ^ 40 
-Y^njft3fe^-3 2fl, HIT 1 ^JI*0«iS3 1 a o TSttJ }l, ft "C *D Sft £ *L T 

ta«T 2T± 9^:t4«S3 l b ft 5 o -lfiiSoflS35s«l©gjSoa«± 9 <b ± # 

-rat, 8«n©# / >©±#i s *tifhoftfi©t<'fi< T-^w»wi:*i:5 - t k ft 
< oi^tii, ft»**/a-r55tf^o)*#ft«»tta*i:ie*-eS)9, * <o » , r ft 

[ 0 0 7 9 ] 

B 1 2 tt * »J*fcJ:5-*lll«l*r*i'B"e*)*. r (0 B tt * A^J 50 
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»13 ftf&**Btg|#f*«t*J:5Jw»<«:-f-S:a**^*Ai-4. ^tib on* 

i:8$5:i#t?l5, - J., S^offitt, XttJIftHt, *iS**#-toL* 

tf , a^AAita 3St;a^iiii34^, ^93 7&t;3 s^^t^Ktaot 

,-*«3 6 trSiB Lt»*t«iS*5tfttil»2 3 Cll* S ii t 5. MS K El K fi , 10 
^Bi3 8**1-J:5te, PSCtv^^, Xf4*Bi3 7*s*i-J:5fc^iaBXtt:ffioi&** 

S#Vfcrv^Xtt«^efM-#1-5ie£ttft ft^T 

*S ft I 3 -C * ft £r At « i- 5 fc * \c » * ft fc « < C fc ft 5 . 
[ 0 0 8 0 ] 

^^^ffittl^f J: 5 Cgf ^Ef t5 0 $ b fc 14 , ^ S£ ft PI 9 ± t ft « ® 

**1-*«fc5fcES"t**::it>#*L^ 0 wix(4, ftj&#&^rtWo*o*oB±fcfl-3»-c 20 

# * /h fc ft 5 K if * *ttfcM4*tftiiJp«l»Ba^«fc9»5^, r *i O 7L (4 , m S S 
©*#Sl?*5«»Xr±afcJfc^TJ:9*tftftSSr|»^i-50"C (ILltr O i 5 
Cioti^tiSi^tfeS) , ft©*#S©tt9^v^B^rt#&Ri:ft9»5 0 » 
#<o«*ftffi^fflfifc!&, 0*1 x. 14 , v- 9 * , -tf * 7 -f h s T A> ^ + , Stt^, X f4 If # 

SWt, fiBStfitJflS^K* ($sai:Jt^t) "C fc S # , *Mftft*£££>ffi[af4B:& 
5 /imA^ 1 0 0 0 ai m t 

[ 0 0 8 1 ] 30 

Hi 2 TM4 , 6-^ A*gf 3 3&t/&^|&£gff3 4 ^ * fc ft $ 3 60^fl|:ffilt5 

its ^ t t^it'fo^o 

[ 0 0 8 2 ] 
[ 0 0 8 3 ] 

Hi 3 14. v^^MAiSSw^lBoy y/7 7^8»SltSt«i»4BfBBT*) 
5 0 r © H f4 , ^^tfttil^aXttttlHe/^^A^, 3tS3 9fcttm»4 0OBT*3feSre» 40 
i-5J:5^E^l*^TV^5*»W©»o^©^IBftjllli«l^^*i-. « ?& ( « ?S ffl V * t 1 

* ^S^) X f4 & ^ (S^>^r^S^) O # £ (4 s **rt««>«SXf±tt^35»b|ka 

t^iaottcs, tttus4 0 fcaits*©!ia[oij(Kj:ot«B*ii5 B hi 

3 14 1 o © pj IB ft E g £ * 1- a* , 3t«3 9 14, 3t7r>f^4lS:^LT3t»S:a**tBI 

• : ^^7 L ^^iiD&ttT^ffl^4 0^e#-t-5^^^^5 o # £ L < 14 , 7 * b U v> ^ h 

12 fc "9 , ifoiJfcit^ftfttteafflStbS^SrSI-. Hi 4t?i4, * 7 r ^ 4 1 
^StJh»»i7*JtiiUTilk0m*n, it»JcXf4^lH]d*K» 50 
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ts. ii sit it z m t & ± n u i 7 <d r$ m A-t z> &i m \c £ % i <d m & z ft; -T 

. 01 4Stf 1 5T?li. ftiim-jjfafrbA<0. if 3 6 i 9 IC ( PP 4 

3a5tf4 3b \Z 4 o T ) ? 11*5, Uia, ?t 14 , •ttEO*f6]A^b?gEft c PICJitfcJpI|g 
--C * 9 , Slff^f APL<Dt(H*»0/Xtt»SW*»{)0 1*XttI*OS»*lt 
*tf«»Srfll*.S***»K*4:9»6. Hi 3^E>1 5 £ T- fc * L X Jg IC £ Jx 14* . 
5t&ffi3§-Cfcffl$*i3<f^S£«<4, ft SL £ # ft Ic if *D -f 5 r i lc 4. 9 , » ?& X 14 & ^ <D 

"««a«*#«l , -e*S*i-5tonTi«Jni-5. l^l^ *I3 9sy)taig4 oii, ft a. # 

if AD 1" 5 t , & ffl 31 4 0t!iaiiti-5(i*aieo«^Srt*:b-rJ:5tElli-5r.ti9S-Ct 
5 . fill © * » fc L T , Jt7r^<4 1 # . HJ*«i:*lH»OW3!fK»ilt^*-e*)D» ^ & 
X (4 © * © # £ (4 , E«*fir*7 7'f'<4 i©fi:ioT<5*t«)«fti:io-r|jliH 10 

[ 0 0 8 4 ] 

?Sr # -f 5 . il 6(1, w©K*iPifO±5fcll5l'BI«-efc5*»*«S;ttK«ll*i-5*i. 
3taS3 9STJ t »ffljS4 0*S3tJtlS5Sl4 4tiiifiitTV^5«, r©ftifctS{Ss4 4f4, Jt|g 3 9 

[ 0 0 8 5 J 

#Jttfc3M4l4ffifr* = * 4 5 ^tLJ4ii«l(C7'n^5A$Hfc=> 20 

tf»-^teJ:oTjia^riB-e*>«. * = ^ 4 511, »SWfc»H*;h,TV*-5*SR 

tem&Bt&mizhzziizmwLtjm-chz. 4 5 n, a ?s x 14 s t- © & g An 

5:fS->^rA4 etgifSrt^ififfc!), I C '7 ^ f i It , «?£©#|g;6SfiffA&© 

XI±«Joa«l4Htf*r1T5. © 4 pKffi^tro^itSLtf i^ll;SK;t5r ill 
4 o T , ifll/j:»froffli43lff*»rit4 9 , f fllogliaott C5&I4S* 

[ 0 0 8 6 ] 30 

y y ? 7 7 j ■ v-^xAcoffi®tt^ii*fc, i/vxpL©iiiSB^±©stii:±oT'() 

Si U S i£ 3fc © 3§ ± ) £ g it # 5 ,, :B±94fiJfett, #J ;i (4 , l/'^X 

*lttftt»*.r*ft^>f»6Jf©»ft*itii:.l,Ti*t5»Of St**»5. i« « ft 
X (4 it # 65S^iaotl!8Hat-|5ji, :ol 5 *L S tt =» * l>0#4>5**#Jt 
Stfffi^AlOf i^rUff? t©tfc9 , *f Lt>*ii:»*«i:H;|Rbf . u v X £ 

«*«««»«rK»tTji«*»b*faSrttau-C»*1-5 0 m?)OgIll4fc, S IB u v 
XPLtI«Xll^i-^ • ^^y^WOS»S*^bffiiSr^*1-5J:p^Ei$jU^o 
: t tfl 5„ @ 1 7 II 1 OOBrffi4EI**ttf , ^ ; g : !SSm^4 7*5^ih|f|J 

U l 7 _L t;: E B £ ft , ^olftlJu^XPLroftjslSSftS^woWiOffi^lciiasgo^ASo 40 
tv>5„ j5fejf^CU^Xift:©fi[«^^fc5^:KttSr*/hR8lci-5fc*^, ^1^4 7 5: 
» ± « «• 1 7*»6««ttfc»|li-6!6». Xll^ni:'>4< t tg«lSt5 1 t 5 
. m z. 14 , «*»4 7Sr*t±«#i7fc*«**-fn:, -t©ifi<fceiI1-5::i:f"Tffi-e 

-fCitj^JfgT-fcS, i/yXXI4l7i-^-f-lrs'^S:il#t5ttat?ll, gii*fit 
5ifft*«4tai4ilJl»ItS5rfifflt5;Hitt5 0 It R lc . 8 * « J: 5 

[ 0 0 8 7 ] 

& ± fc * « © W * © H J£ ftj Sr K 91 U X t . * 3§ 14 R W t 14 M * fc * ^1 « T? fc 50 
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•5 r. k 9 ft 2 ti x 5. *WiW»fi*»W*i»^ui5 k -t a t» © -a a it v> . 
I n b © fa v it tft 0j ] 

[ 0 0 8 8 ] 

•[Hi ) *%w<D-mmm\c Ltztf o v y ? ? 7 * & &mm&*-t®-chz. 

[02] *«9!©-3ll6«fcLfc-4Sp. S»->^7 l AO*»B*JB9©««t*fr*iltJ& 

'[B3 a ] *»B©-*t«EUfci55, SiB5'*5 l A©ft»»*H»>©, 0 2 © & ft « 
liv^f Aoaxn titliPOEf lr*t@f*)5. 
[13 b] *3BB©-*lfi«tUfc*S5»Jt«F|Jli-Sr^i-H-ca!>5. 

[14] *»W©-Sll|[«K:Ufc*5«»ftl**««r*r5«*«l»5/^yAt*t-H-Xf 10 

[15] *^BJ©2o©|lte«(CLfc^5^^^tb^S4'©^ : g : ifi^mil©^|g^25i'9 
©KB£r^1-0-Trfc5„ 

0 -C 3b 5 . 

[ 0 7] *»iji!©-iiii^fcLfc#5KftSEii**i-B-e3!>s. 

[18] **W© — H16«fcUfcii«5«#lPffi**Sr*-J-6a-e*>5. 

[19] «SI»*#a©-ll*«Sr^-tH-e*>9, l*f©««£ix;fc««iHaEl-3«W 

[0 10] 0 2SV3l;«l|^Utt>otttS!l:5iR#ft^->^7 1 AS:*t5« # S§ 9! © & 20 

[01 1] aatfbtt^>f^n»ttjt«KJ:oT««l«ra^fi«jK*fRi-5J:5fceit*h. 
TV>5fttel$*¥a©-*ffi0»J&^1-0-e3b3. 

[0 1 2] «t ^ 7, * K « t lilt ^ » * K « * « x. S ft » * # & © - 31 «! « Sr"^ + 0 -C *> 4 

o 

[013] ft»tfcta#a©-*n«s:*i-Et?*>9» ftaiKtfft&fflgi, M.xf\zm»^u 
» 4 in at t * -r . 

[014] II 3C,TLfcit©SMSJr*til:*@t3b!), 3fc © Jg - H ffi W I- L 
# o T , *S*»fc©3t«r»*uv^©ft|*S*t*S©ni]©«*rtK*Ai-5tr5S:«l 30 
St 5. 

[015] 11 4 tHtSffcS^, 3t*©SS2HlfifliJtLfc^o-C, KUfr fe © # £ & 

[016] &a. ^tas, * Jt = * , suftis^it5^?a«ajf t©- 

*Jg0iJ^*i-0T-fc2)„ 

[017] * f§ BJ! © - 3? jfc «sj tc L ^ 5 , fti^wvX©ft^Si!ltSffi©M©ffi«rt©i@ 

[ ft » © r m ] 

[ 0 0 8 9 ] 

AM ilfg 40 
C 

CO 

i l mttfxr * imtt*) 
1 n a&# 

MK M2 7^^ffil^}jf|« 

ma /^^-j'isaf* (t^^i 

MT X ? • *r — ~f )V 

PI, P2 SSttl^b*l» 

P B jg £ t* - A 

PL Sli'^T'A (uyx) 50 
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v be ft $g 
w is 

WT S tR 7- — -f 

■ i m#m%s *y * t a 

2 %m 

3 a , 3 b ft fe^M^IS: 

4 ftfe&tti 

5a, 5b, 5 c m^mmm& 

6 % % Sc 

7 £ ® & <7> fi> ffi 

8 (ft ts n s * a 

9 fir <§■ * * si 
i o ®.%mwi 

l l ftfltft 

1 2 Jff V y 
1 3 ft ft ft 
1 4 ftibfttt 

15 HBf ^ © IS 

16 #»m#±# 

1 7 ftih* 

1 8 # 

19 h >- 

2 0 EE2J If 
2 1 1*3 ft 

2 2 ft^JjOlESI 

2 3 MtS§ 

2 5,26 £c W 

2 7a, 27b ft & 

2 8 ftft 

2 9 H|g£# 

30 -vf^nJftfltJH-ai 

3 1 a ft& 

31b J: 9 * # * ft ft 

32 >f * n ft ^f- 

3 3 tfAAil 

3 4 Si^^48S 

3 5 S^Bigl 

3 6 ftft 

3 7,3 8 m ft 

3 9 Jtft 

4 0 ftftiUtf 

4 1 * 7 7 -i '< 
4 2 tfc SI ft «ft O g Sg 
4 3a, 43b & PP 
4 4 ftJt$S3§ 
4 5 11?=^ 
46 ISV^fi 
4 7 ft* 

50,52, 54 ft ft 



5 8 m# 

62, 64 gftO^l/ - f 
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t7^I> r^yf^7xy % hyy/viHfv'a. b 3i7x- 

(72)3PJ3# 777^ ^x7^x7^t 

t7V^i, r^f^-?!^ tK^zl^:/;* 2 2 2 7 
(72)3PJ# -fed-K^ -^y^^ ^^f/wy 

t7>-^& ^.ax^y^ ir^y" Wr^^ 5 8 
(72)38W# ^^-fe/u -vv-^^ ir^KT U - r>f-!)^ 

t7>M ^^>D N ^r-;W^ayi/al^7-f 1 
F^--M#%) 5F046 AA28 BA05 CB24 
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